Background Although previous studies have illustrated improvements in surgical cohorts for patients with intervertebral disc herniation, there are limited data on predictors of longterm outcomes comparing surgical and nonsurgical outcomes. Questions/purposes We assessed outcomes of operative and nonoperative treatment for patients with intervertebral disc herniation and symptomatic radiculopathy at 8 years from the Spine Patient Outcomes Research Trial. We specifically examined subgroups to determine whether certain populations had a better long-term outcome with surgery or nonoperative treatment.
Introduction
Lumbar disc herniation is a common low back disorder and the most common cause of sciatica in adults [12] . Lifetime incidence of sciatica is approximately 13% to 40% [13] . According to the National Hospital Discharge Survey in 2007 [16] , there were 320,000 inpatient discharges for intervertebral disc disease. Although inpatient hospital discharge data are available, nationwide data on outpatient procedures are not widely available. From 1996 to 2000, there was an increasing trend of outpatient discectomies with a concomitant increase in both inpatient and outpatient lumbar spine procedures. This implies a substantially larger number than 320,000 discectomies per year for intervertebral disc herniation (IDH); however, exact figures are unavailable [15] .
Lumbar discectomy improves short-term pain and function, but there are limited data on long-term outcomes. The Lumbar Disc Herniation study by Weber [3, 25] and the Maine Lumbar Spine Study (MLSS) [3, 25] are two of the largest published studies with long-term results. The Weber study [25] was a randomized, prospective study examining outcomes of patients with sciatica at a single institution with 10-year followup; the main outcome was the author's interpretation of patient statements of their current well-being. Weber's study [25] found greater improvement in the surgical cohort at 1 year; however, this difference diminished at 4 years and there was no difference between the groups at 10 years, although 26% of the nonoperative group crossed over to surgery. The MLSS was a multicenter, prospective, observational study comparing operative and nonoperative cohorts with outcomes including severity of patient symptoms, Roland-Morris disability scale, and the SF-36 [3] . In the MLSS, the operative cohort showed significantly greater improvement at 1 year, which maintained significance out to 10 years [3] .
The Spine Patient Outcome Research Trial (SPORT) is a multicenter, prospective study with observational and randomized study arms comparing nonoperative and operative treatments for patients with IDH using validated outcome measures [20, 22, 26, 27] . In SPORT analyses out to 8 years, the intention-to-treat analysis, which was limited by high rates of crossover, found no statistically significant surgical treatment effects for the primary outcomes of general pain, physical function, or pain-related disability but did show statistically significant advantages for sciatica bothersomeness, satisfaction with symptoms, and self-rated improvement; the astreated analysis combining the randomized and observational cohorts, which carefully controlled for potentially confounding baseline factors but could still be vulnerable to unmeasured confounding, showed significantly greater improvements with surgery for all outcomes except work status compared with patients treated nonoperatively [20] . We summarize those 8- year results and investigate the long-term outcomes in specific patient subgroups defined by sex, work status, smoking status, presence of a comorbid joint problem, history of depression, severity of low back pain, presence of a motor deficit, herniation level, herniation morphology, duration of symptoms at enrollment, and herniation location [4, 19, 21] . Our primary research question is whether there are specific characteristics at baseline that are able to identify subgroups of patients more likely to benefit from surgery compared with nonoperative treatment over the long term.
Patients and Methods
SPORT enrolled patients from March 2000 until November 2004 at 13 medical centers with multidisciplinary spine practice in 11 US states. The methods for this trial have been described previously [19] [20] [21] [22] [27] [28] [29] and is briefly summarized subsequently. Each center obtained institutional review board approval.
Patient Population
Men and women who had symptomatic and imaging-confirmed lumbar radiculopathy were eligible for this study; patients were required to be surgical candidates with persistent symptoms for at least 6 weeks. Patients consenting to participate in the randomized cohort were assigned by chance to surgical or nonoperative treatment using variable permuted block randomization stratified by site. Those who declined randomization entered the observational cohort group based on treatment preference but were otherwise treated and followed identically to the randomized cohort. Surgical and nonoperative treatments were compared using primary analyses using the change from baseline at each followup. The final analysis combined the two cohorts. Randomization was performed by computer-generated random treatment assignment based on permuted blocks (randomly generated blocks of six, eight, 10, and 12) within sites, which occurred immediately after enrollment. Neither subjects nor treatment providers were blinded as a result of the nature of the treatment.
Sample Size
An original sample size of 250 patients in each treatment group was originally determined to be sufficient (with a two-sided significance level of 0.05 of 85% power) to detect a 10-point difference in the SF-36 bodily pain and physical functions scales or a similar effect size in the Oswestry Disability Index (ODI).
In total, of the 1244 patients with IDH enrolled into the SPORT,1195 (96%) had at least one followup and were included in the analysis (Table 1) . Of these 1195 patients, 474 were in the randomized cohort and 721 were in the observational cohort. In the randomized cohort, 245 were assigned to surgical treatment and 256 to nonoperative treatment. Of those randomized to surgery, 57% had surgery by 1 year and 60% by 8 years. In the group randomized to nonoperative care, 41% of patients had surgery by 1 year and 48% by 8 years. In the observational cohort, 521 patients initially chose surgery and 222 patients initially chose nonoperative care. Of those initially choosing surgery, 95% received surgery by 1 year; at 8 years, 12 additional patients had undergone primary surgery. Of those choosing nonoperative treatment, 20% had surgery by 1 year and 25% by 8 years [20] .
Overall, the randomized and observational patients were similar with the randomized patients showing somewhat lower mean disability (ODI 46.9 versus 51.1, p \ 0.001), a lower likelihood of worsening symptoms at baseline (34% versus 43%, p \ 0.001), and a lower preference for surgery (27% versus 66%, p \ 0.001). In the combined randomized and observational cohorts, 803 of 1195 (67%) underwent surgery by 8 years and 392 of 1195 (33%) remained nonoperative. Comparing groups by treatment received, the nonoperative group was, on average, older (43.8 versus 40.7 years, p \ 0.001), more likely to be working (66% versus 58%, p = 0.007), less likely to be very dissatisfied with symptoms (65% versus 88%, p \ 0.001), better physical function (SF-36 physical function score 48.4 versus 32.6, p \ 0.006), and lower disability on ODI (38.6 versus 54.7, p \ 0.001) at baseline.
Interventions
The surgical treatment was a standard open discectomy with examination of the involved nerve root by a qualified spine surgeon. The nonoperative group received usual care recommended to include at least active physical therapy, education/counseling with home exercise instruction, and, if tolerated, nonsteroidal antiinflammatory drugs with participating sites encouraged to use all appropriate nonoperative therapies [7] . Additional treatments were individualized to the patient by the treating provider(s) and tracked prospectively.
Study Measures
The primary research question was to determine the predictors of long-term outcomes of operative and nonoperative treatment in patients with lumbar disc herniation. The primary outcome measures were the ODI and SF-36 bodily pain and physical function scores. Secondary outcomes included the Sciatica Bothersomeness Index, leg and back pain bothersomeness, patient satisfaction with care and with symptoms, patient global perceived improvement, and work status. These outcomes were measured at 6 weeks, 3, 6, and 12 months, and annually thereafter.
Statistical Methods
Preliminary analyses compared means and proportions of baseline characteristics between the randomized and observational cohorts as described in previous SPORT papers [20, [26] [27] [28] . The primary analyses compared surgical and nonoperative treatments on an intent-to-treat basis by using the change from baseline at each followup. Baseline predictors of time until surgical treatment (including treatment crossover) in both cohorts were determined through a stepwise proportional hazards regression model with an inclusion criterion of p values of \ 0.1 to enter and p values of [ 0.05 to exit. Predictors of missing followup visits at yearly intervals up to 8 years were separately determined through stepwise logistic regression. Baseline characteristics that predicted surgery or a missed visit at any time point were then entered into longitudinal regression models of primary outcomes. Those that remained significant in the longitudinal models were included as adjusting covariates in all subsequent longitudinal regression models to adjust for potential confounding resulting from treatment selection bias and missing data patterns [10] . In addition, center, age, sex, and, when applicable, baseline outcome score were included in all longitudinal outcome models.
Given the substantial crossover in both directions between the randomized treatment groups, an as-treated analysis was also performed. In this analysis, the nonoperative cohort treatment time started at the time of trial enrollment and surgery was a time-varying covariate adjusting for the variable time of surgery. The sciatica scales and all binary outcomes were analyzed with longitudinal models based on generalized estimating equations with linear and logit link functions. The operative and nonoperative cohorts were then compared using a Wald test to simultaneously test all followup visit times for differences in estimated treatment effects between the cohorts.
Subgroups were defined based on baseline characteristics, including sex, work status, smoking status, presence of a comorbid joint problem, history of depression, severity of low back pain, presence of a motor deficit, herniation level, herniation morphology, duration of symptoms at enrollment, and herniation location. Herniation level was analyzed in three groups: L2-L3/L3-L4, L4-L5, and L5- Herniation location was characterized as posterolateral versus all other locations.
To limit the number of statistical comparisons in the subgroup analyses, the ODI was used as the outcome measure and was calculated as a single time-weighted average, ie, area under the curve, over the entire 8 years. All of these subgroup cohorts were adjusted for age, sex, race, marital status, compensation, smoking status, herniation location, working status, stomach comorbidity, depression, diabetes, other comorbidities, self-rated health trend, duration of most recent episode, treatment preference, center, and baseline score except when that variable was the basis of the subgroup being compared.
Computations were completed with SAS 1 procedures PROC MIXED for continuous data and PROC GENMOD for binary and nonnormal secondary outcomes (SAS 1 Version 9.1 for Windows 1 XP Professional; SAS Institute, Inc, Cary, NC, USA). Statistical significance was defined as p values of \ 0.05 based on a two-sided hypothesis test with no adjustments made for multiple comparisons.
Study Attrition
By 8 years only 63% of initial enrollees supplied data with losses resulting from dropouts, missed visits, or deaths [20] : 92 missed visits, 360 withdrawals, and 14 deaths. We compared those retained at 8 years and those lost to followup. Those retained in the study were, at baseline, somewhat older (mean age, 4.2 [SD 11.2] versus 40.7 (SD 11.7) years, p = 0.039); were more likely to be female ( 
Results

Surgery versus Nonoperative Treatment: Overall
Results (Table 2) As previously reported, in the intent-to-treat analysis, no significant benefit to surgery was observed in the primary outcome measures at 8 years (SF-36 bodily pain, 41. 4] , treatment effect À3.3, 95% CI, À7.2 to 0.6, p = 0.096) ( Table 2 ). Despite high levels of crossover, which are expected to bias any comparison toward the null, sciatica bothersomeness, leg pain, patient satisfaction with symptoms, and self-rated improvement all showed significant treatment effects in favor of surgery in the intent-to-treat analysis out to 8 years [20] .
When the randomized and observational cohorts were combined in the as-treated analysis, the surgical cohort had greater improvement across all primary outcomes than the nonoperative cohort at 8 years: SF-36 bodily pain, 45.3 (SE 0.6) versus 33.3 (SE 0.8), treatment effect 12.1 (95% CI, 10.3-13.9; p \ 0.001); SF-36 physical function, 41.8 (SE 0.6) versus 30.5 (SE 0.8), treatment effect 11.3 (95% CI, 9.6-13; p \ 0.001); and ODI, À36.1 (SE 0.5) versus À25 (SE 0.6), treatment effect À11 (95% CI, À12.4 to À9.6; p \ 0.001) ( Table 2 ). However, although adjusted for numerous covariates, an as-treated analysis is essentially an observational comparison that remains potentially vulnerable to unmeasured confounding. No difference in work status over time was seen between the treatment groups.
Surgery versus Nonoperative Treatment: Analysis by Subgroups
Sex, baseline motor deficit, and herniation level had no effect on outcome for either surgical or nonoperative treatment ( Table 3 ). The subgroups that had less improvement in ODI across both treatment groups but no difference in treatment effect were smokers, herniation location other than posterolateral, baseline history of depression, and baseline comorbid joint problem. These patients did worse independent of treatment. The subgroups found to have an interaction with treatment were disc morphology, baseline work status, baseline back pain, and duration of symptoms. For disc morphology, those with sequestered disc fragments had the greatest improvements with both surgery and nonoperative treatment and also had the highest relative surgical treatment effect; those with extruded fragments had the smallest improvement with surgery and very good outcomes from nonoperative treatment, leading to the smallest relative surgical treatment effect (À8.7 [95% CI, À10.3 to À7] versus À13.6 [95% CI, À18.2 to À9] for sequestered fragment; p = 0.05); and protruding discs showed the smallest relative improvement with nonoperative treatment and an intermediate-sized treatment effect (Table 3) .
For baseline work status, patients who were working at baseline showed the greatest relative improvements with both surgery and nonoperative treatment, but the large nonoperative improvement led to the smallest surgical treatment effect; those disabled at baseline had the smallest improvements with both surgery and nonoperative treatment with an intermediate-sized treatment effect; and those in the ''other'' category (eg, homemakers, students, unemployed, retired) had very good surgical outcomes but modest nonoperative outcomes, leading to the highest relative surgical treatment effect (À15.2 versus À9.8 for working; p = 0.003) ( Fig. 1) .
Those with severe baseline back pain (C 5 of 6) had worse surgical outcomes (À34.6 versus À36.8; p = 0.04) but even worse outcomes with nonoperative treatment (À21.8 versus À27.6; p \ 0.001), resulting in a greater surgical treatment effect compared with the less severe baseline back pain group (À12.8 versus À9.2; p = 0.005) (Fig. 2) .
Those with symptoms less than or equal to 6 months in duration had better outcomes with surgical (mean change to À10.8) versus À10.4 (95% CI, À12 to À8.9; p = 0.043; Table 3 ; Fig. 3 ).
Discussion
Although previous studies have consistently shown more rapid improvement in patients with herniated discs with surgery relative to nonoperative treatment [3, 20, 25] , the long-term data are conflicting. The randomized, intent-totreat comparison by Weber showed no long-term benefit [25] , although this interpretation is complicated by a high rate of crossover in the nonoperative arm, whereas the Maine study showed persistent benefit from surgery in the long term, although this observational study cannot rule out confounding by unbalanced baseline characteristics as contributing to these differences [3] . Long-term results from SPORT [20] , summarized here, are consistent with both of these prior studies, although they lend some support for a small advantage to surgery in the long term. Similar to the Weber study, the intent-to-treat results showed no significant advantage for being randomized to surgery in the primary outcome measures, but crossover rates were high; however, secondary outcomes of sciatica bothersomeness, leg pain, satisfaction with symptoms, and self-rated improvement favored the group randomized to surgery in the intent-totreat analysis despite the high rates of crossover, although these were secondary outcomes and the results were not corrected for multiplicities. Similar to the Maine study, an as-treated comparison based on treatment actually received showed a strong effect in favor of surgery that persisted at long-term followup, but these analyses lose the strong protection against confounding of a randomized comparison.
The main purpose of this report was to investigate possible baseline predictors of a long-term surgical treatment effect. Sex, presence of a motor deficit, and herniation level had no discernible effects on outcomes over 8 years. Herniation level was shown to predict early outcomes with upper-level herniation, having a greater treatment effect at 1 and 2 years compared with L5/S1 herniation [19] ; however, over the long term, these differences resolved. The subgroup with a history of depression at baseline had worse outcomes independent of treatment. Chen and Tsai [9] studied patients with lumbar IDH and found depression was correlated with disability in this patient population. In another study examining the effect of surgical microdiscectomy for IDH in patients with concomitant baseline depression and anxiety, Lebow et al [18] found that surgical intervention was correlated with relieving depression symptoms. Chaichana et al [8] performed a prospective trial of patients undergoing discectomy for single-level IDH. At 2 years, they found a correlation between a higher preoperative depression assessed by the Zung scale and failure to achieve postoperative clinical improvement in disability by ODI [8] . Neither the study of Chaichana et al [8] nor that of Lebow et al [18] contained a nonoperative comparison group.
With regard to smoking, previously published papers have correlated smoking with increased low back pain, visual analog scale, ODI, and disc degeneration when compared with not smoking [5, 6, 14] . Akmal et al [2] also demonstrated the toxicity of nicotine on bovine in vitro intervertebral disc cells. We found that nonsmokers had better outcomes than smokers, which is consistent with previous studies [6, 17, 24] . Nonetheless, we found that smokers and nonsmokers had no difference in the surgical treatment effect. In other words, although smokers had, on average, worse ODI scores over 8 years compared with nonsmokers with both surgical and nonoperative treatment, both subgroups had the same amount of relative improvement with operative treatment compared with nonoperative treatment.
Previous studies have found no difference in outcomes in patients with a longer duration of symptoms from lumbar disc herniation when compared with those with a shorter duration of symptoms [11, 23] . Folman et al [11] performed a retrospective study with short-term followup (average 32.4 months) that showed those with 6 weeks or less of pain history had a larger treatment effect than those who had greater than 12 weeks of preoperative pain. However, in their study, patients with 12 weeks or more of preoperative pain did have more improvement than those with 6 to 12 weeks of pain. In their randomized, controlled trial, Peul et al [23] found that despite short-term differences between patients who underwent early surgery and those who underwent surgery after a course of conservative treatment, there was no significant difference between the cohorts at 52 weeks of followup. In another retrospective study by Akagi et al [1] , they found that patients with symptoms greater than 3 months had, on average, greater postoperative improvement for psychological disorders; however, no difference in severity of back pain, leg pain and numbness (visual analog scale), lumbar spine dysfunction, or social life disturbance. In the current study, although those who had a longer duration of symptoms fared worse than those with a shorter duration of symptoms in both treatment groups, the relative benefit from surgery was actually somewhat larger in the group with a longer duration of symptoms at baseline.
Although there was not an advantage to surgery in the as-treated analysis in all the evaluated subgroups, these analyses did identify some interactions with treatment effect that may help inform the choice of treatment in borderline cases. Interestingly, those with higher levels of baseline back pain accompanying their radiculopathy, although they had poorer results overall in both treatment groups, showed a greater relative advantage from surgery. Those who were working at baseline showed relatively less advantage to surgery as a result of relatively better outcomes with nonoperative treatment, whereas those who were disabled at baseline did worse overall with relatively less advantage from surgery. Finally, those with sequestered fragments on MRI showed greater relative advantage from surgery than those with other disc morphologies.
This study had a number of limitations. Overall, SPORT was limited by the amount of crossover within the study. Given the amount of crossover, the interpretation of the intent-to-treat analysis was limited; thus, as-treated analyses were also performed. These as-treated analyses are susceptible to confounding. We attempted to mitigate this as much as possible by adjusting for potential confounders in the longitudinal regression models; however, the potential for residual confounding by unmeasured covariates remains. Another limitation of SPORT was the heterogeneity of the ''usual care'' in the nonoperative cohort. Although nonoperative treatment was required to include physical therapy, education, home exercises, and nonsteroidal antiinflammatory drugs (if tolerated), the actual protocol and content of these regimens may have varied across centers.
Another important limitation was the limited followup at long-term followup; by 8 years only 63% of the original cohort continued to contribute followup data. As previously reported, those lost to followup had worse early outcomes on average; however, this was true in both the surgical and nonoperative groups with nonsignificant differences in estimated treatment effects. The long-term outcomes are therefore likely to be somewhat overoptimistic on average in both groups, but the comparison between surgical and nonoperative outcomes appears likely to be unbiased despite the long-term loss to follow [20] .
In conclusion, in long-term followup, SPORT patients with symptomatic lumbar disc herniation randomized to surgery had similar treatments and similar outcomes as those randomized to nonoperative care; those actually undergoing surgery had better outcomes than those having only nonoperative treatment, which persisted through 8 years. These findings are similar to the long-term results seen in the MLSS; however, nonoperative patients in the SPORT had better outcomes on average than the nonoperative group in the MLSS [3] . Smokers, patients with a history of depression, a history of other joint disease, and a nonposterolateral herniation had poorer outcomes regardless of treatment than those without these conditions. Those with sequestered fragments on MRI, higher levels of baseline back pain accompanying their radiculopathy, those with greater than 6 months of symptoms at baseline, and those who were neither working nor disabled at baseline showed a greater relative advantage from surgery.
